Introduction {#Sec1}
============

Originally, the concept of coherence was introduced to describe the interference phenomenon among waves. In recent years, quantum coherence has been paid much attention, as it is a necessary resource for various quantum engineerings, e.g., quantum key distributions^[@CR1]^, quantum computation^[@CR2]^, and quantum metrology^[@CR3]^, etc. Indeed, the basic advantage of the quantum information processing over the classical counterpart is based on the utilizations of quantum coherence.

Quantum coherence is a fundamental phenomenon in quantum physics. However, as one of the important physical resources, its measurement is not easy to be defined. In fact, in recent years various functions such as the fidelity based distance measurement^[@CR4]^, trace distance^[@CR5]^, relative entropy^[@CR6]^, quantum correlation^[@CR7],[@CR8]^, and the skew information^[@CR9],[@CR10]^ etc., have been suggested to quantify the quantum coherence. With these measurements, certain properties of quantum coherence, typically, e.g., the distillation of coherence^[@CR11],[@CR12]^ and the nonclassical correlations^[@CR7],[@CR8],[@CR13]^, have been described. Note that the quantum correlation has been well measured by quantum discord^[@CR14]^ and other distance functions^[@CR15],[@CR16]^. Furthermore, quantum entanglement, as a specifical representation of the quantum correlation in various multipartite quantum systems, has been quantified both pure axiomatically and experimentally^[@CR17]--[@CR20]^. The former is achieved by introducing some mathematical functions, such as the entanglement entropy^[@CR17]^, entanglement of distillation^[@CR12]^, and entanglement cost^[@CR19]^, etc. While, the latter one was implemented by measuring the violations of the Bell-type inequalities, although certain exceptional cases wherein the non-locality vanishes but entanglement persists, still exist^[@CR21]^.

A basic question is, how to generically quantify the quantum coherence carried by an arbitrary quantum state of a quantum system^[@CR4],[@CR6],[@CR9],[@CR22]^? Interestingly, Baumgratz *et al* ^[@CR6]^. pointed out that, any quantity $\documentclass[12pt]{minimal}
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(C1) It should be non-negative and vanishes if and only if the state is incoherent, i.e. $\documentclass[12pt]{minimal}
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                \begin{document}$$\Pi $$\end{document}$ being the set of incoherent states.

(C2a) It should be non-increasing under any incoherent completely positive and trace preserving (ICPTP) operation, i.e., $\documentclass[12pt]{minimal}
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(C3) It should be convex, i.e., contractive under mixing of quantum states; $\documentclass[12pt]{minimal}
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In what follows, these conditions will be called as Baumgratz *et al*.'s criticism for simplicity. It is easy to verify that, once the conditions (C2b) and (C3) are satisfied simultaneously, the condition (C2a) is satisfied naturally. Above, the ICPTP operation maps an incoherent state to another incoherent state. It is defined as follows. Generally, any quantum operation $\documentclass[12pt]{minimal}
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                \begin{document}$${A}_{\mu }$$\end{document}$ is an ICPTP and reads^[@CR23]^: $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
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                \begin{document}$${A}_{\mu }$$\end{document}$ maps a diagonal matrix to another diagonal one. In this sense, the usual dephasing, depolarizing, phase-damping and amplitude-damping processes can be treated as the incoherent operations, respectively.

Besides various measurements proposed previously, in this paper we introduce another quantity, i.e., the quantum Fisher information (QFI), to generically quantify the quantum coherence. As every ICPTP operation can be obtained from a partial trace on an extended system under certain unitary transformations^[@CR24]^, we specifically show that, the QFI satisfies the Baumgratz *et al*.'s criticism. Since QFI is also mathematically related to some other functions proposed previously, such as the relative entropy^[@CR25]^, fidelity based on the distance measurement^[@CR26]^, and the skew information^[@CR27]^ etc., for quantifying the quantum coherence, it is logically reasonable^[@CR28]^ by using the QFI to quantify the quantum coherence. However, differing from most of the pure axiomatic functions proposed previously, the present proposal by using the QFI to quantify quantum coherence is experimentally testable, as the lower- and upper bounds of the QFI are practically measurable. The validity of our proposal will be demonstrated specifically with the evolutions of a generic one-qubit state under the typical phase-damping and depolarizing processes, respectively.

Quantum Fisher information and its Properties {#Sec2}
=============================================

For completeness, we briefly review QFI and some of its properties^[@CR29]^, which will be utilized below to prove our arguments.

As we know that some of physical quantities are not directly accessible but can only be indirectly estimated from the measurement outcomes of the other observable(s). The quantum estimation theory has been developed to focus the relevant parameter estimation problems. Typically, the well-known Cramér-Rao inequality^[@CR26]^ states that the lower bound of the variance of the estimated quantity $\documentclass[12pt]{minimal}
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As a consequence, with Eq. ([4](#Equ4){ref-type=""}) the QFI is given by$$\documentclass[12pt]{minimal}
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It is proven that the QFI possesses some important properties. First, it is additive under tensoring^[@CR32]^, i.e.,$$\documentclass[12pt]{minimal}
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Axiomatically, the QFI links the fidelity of the distance measurement for two quantum states $\documentclass[12pt]{minimal}
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More interestingly, one can always explicitly construct a pure-state ensemble of a given mixed state $\documentclass[12pt]{minimal}
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Results {#Sec3}
=======

We now prove that the QFI satisfies the Baumgratz *et al*.'s criticism and thus can be used to quantify the quantum coherence.

Verification of condition (C1) {#Sec4}
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**Verification of condition (C3)** {#Sec5}
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Verification of condition (C2a) {#Sec6}
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Verification of condition (C2b) {#Sec7}
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This indicates that the QFI satisfies the condition (C2b) specifically.

Numerical confirmations {#Sec8}
=======================

The validity of the above verifications can be more clearly demonstrated with certain specific incoherent processes. Without loss of the generality, let us consider the QFI in a generic one-qubit state$$\documentclass[12pt]{minimal}
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**The** convexity and monotonicity of the QFI, i.e., the Eqs (16) and (20) {#Sec9}
--------------------------------------------------------------------------
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Similarly, for the phase damping channel with the equivalent ICPTP$$\documentclass[12pt]{minimal}
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Comparisons with the other measure methods {#Sec10}
------------------------------------------

To further check the validity of our proposal, we compare the QFI with the other functions proposed previously for quantifying quantum coherence. Specifically, for a common single-qubit quantum state ([27](#Equ27){ref-type=""}) with $\documentclass[12pt]{minimal}
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Conclusion {#Sec11}
==========

In summary, we have verified that the QFI could satisfy the Baumgratz *et al*.'s criticism and thus can also be utilized to quantify the quantum coherence. Given most of the other coherence measurements proposed previously, e.g., the relative entropy, fidelity, and $\documentclass[12pt]{minimal}
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                \begin{document}$${l}_{1}\,norms$$\end{document}$ etc., are basically axiomatic, the QFI quantification of the quantum coherence seems more experimental, as its lower- and upper bounds are both related to certain measurable quantities.
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